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Introduction
Anorexia nervosa (AN) is an eating disorder character-
ized by weight loss due to behaviours such as the limit-
ing of food intake, the use of a low-calorie diet, excessive 
exercise, usage of laxatives, and self-induced vomiting 
[1]. The incidence of AN is estimated at 0.3–2%, and 
the ratio in women and men ranges between 10:1 and 
4:1 [1, 2]. 
AN affects the functioning of the whole body. It has 
been widely acknowledged that one of its most severe 
consequences is a  decrease in bone mineral density 
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Abstract 
Introduction: Inflammation is supposed to be one of the factors contributing to decreased bone mineral density (BMD) in anorexia ner-
vosa (AN). The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are simple and cost-effective inflammatory 
markers, well documented as indicators of postmenopausal osteoporosis. This study aimed to assess the relationships between these 
ratios and BMD in girls with AN.
Material and methods: The electronic records of 73 girls hospitalized for AN were analysed retrospectively. The age range of the study 
group was 12.56–17.67 years. BMD was assessed by dual-energy X-ray absorptiometry (DXA) and expressed as Z-scores according to 
lumbar spine (s-BMD) and total body (TB-BMD) sites. NLR and PLR were calculated according to complete blood count results. Patients 
were divided into 2 subgroups with parallel analyses — according to the TB-BMD criterion and the s-BMD criterion: normal (Z-score 
> –2.0, n = 63) and low s-BMD subgroup (Z-score ≤ –2.0, n = 10), and normal (Z-score > –2.0, n = 45) and low TB-BMD subgroup (Z-
score ≤ –2.0, n = 28).
Results: In the low s-BMD subgroup a tendency to an increase of mean NLR, PLR, and WBC values was observed. Respective BMD 
Z-score values correlated significantly and negatively with PLR in the low s-BMD (R = –0.892, p < 0.001) and normal TB-BMD (R = –0.451, 
p = 0.002) subgroups, while with NLR only in the normal TB-BMD subgroup (R = –0.685, p < 0.001). In the low s-BMD subgroup the PLR 
was shown to be a significant and independent predictor of s-BMD (R = –0.881, p < 0.001). The PLR contributed to 77.6% of the s-BMD 
Z-score variability (R2 = 0.776, p < 0.001). In the normal TB-BMD subgroup, the PLR and NLR levels were significant and independent 
predictors of TB-BMD (R = –0.352, p = 0.004; R = –0.450, p = 0.001; R = –0.339, p = 0.005, respectively) and explained 44.4% of TB-BMD 
Z-score variability (R2 = 0.444, p < 0.001). 
Conclusions: These results indicate that there might be a relationship between bone mass loss and inflammation expressed as NLR and 
PLR in adolescent girls suffering from AN. These connections seem to be dependent on the examined skeletal area. NLR and PLR, which 
are common indicators of morbidity and mortality in many malignancies and inflammatory chronic diseases, can also be useful in the 
evaluation of bone condition in adolescent females with AN. However, there is a need for further investigation in this field. (Endokrynol 
Pol 2021; 72 (4): 336–346)
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count parameters and lymphocyte subsets in the group 
of infants, children, adolescents, adults, and the elderly. 
It was revealed that there are progressive declines in 
the percentage of total lymphocytes, absolute numbers 
of T and B cells, and pro-inflammatory cytokines ac-
cording to age [15].
The method of choice in measuring the bone mass, 
which was introduced in 1980s, remains dual-energy 
X-ray absorptiometry (DXA). According to the current 
guidelines, low bone mineral density in children and 
adolescents is diagnosed when the Z-score in the DXA 
result is ≤ –2.0 [16–19].
We hypothesized that in girls with AN there would 
be a correlation between NLR and PLR and skeletal 
status expressed as bone mineral density results. To test 
this hypothesis, we conducted a comparative analysis 
as well as correlation and regression analysis of NLR 
and PLR in girls suffering from AN and normal BMD 
compared with those in girls with AN and low BMD. 
To the best of our knowledge, this association has not 
been evaluated in adolescent patients with AN. 
Material and methods
Electronic records of girls hospitalized for AN from 2015 to 2018 
were analysed retrospectively. Participants with chronic disease 
known to affect bone metabolism or taking medications that influ-
ence skeletal status were excluded from the study. In total, 73 girls 
were included in data analyses. All examined patients were at IV–V 
Tanner puberty stage, they were in the acute phase of AN and were 
diagnosed with anorexia nervosa according to the DSM-5 diagnostic 
criteria for AN (20). The mean age was 15.14 ± 1.34 years (range 
12.56–17.67), height 162.3 ± 6.2 cm, height SDS -0.2 ± 1.0 cm, body 
mass 39.17 ± 6.07 kg, body mass SDS –2.52 ± 1.09 kg, BMI 14.80 ± 
1.74 kg/m2, BMI SDS –2.95 ± 0.98 kg/m2, and the average duration 
of the disease was 13.49 ± 10.86 months. Sixty-seven girls were 
amenorrhoeic, and the mean duration of amenorrhoea was 7.80 ± 
6.42 months (4–28 months). Six girls were premenarchal. There 
were no patients with clinical manifestations indicating actual or 
recently acute infection or with a history of any fracture. Detailed 
information is given in Table 1. The data used in this retrospective 
analysis were collected as part of a study that has been approved 
by the Ethics Committee.
Anthropometric measurements
Height (cm) to the nearest 0.1 cm was measured using a single 
stadiometer, body mass (kg) to the nearest 0.1 kg was assessed 
on electronic scale, and body mass index (BMI) was calculated as 
weight divided by squared height (kg/m2). Weight and BMI were 
expressed as absolute values and in the form of standard deviation 
score (SDS) [21].
Bone mineral density
Bone mineral density was assessed by dual-energy X-ay absorpti-
ometry (DXA) in the first 2 weeks of hospital stay. Measured sites 
were: lumbar spine (s-BMD) and total body (TB-BMD) performed 
with a Hologic Explorer (USA). The results of BMD were expressed 
as Z-scores according to age and sex, calculated on the basis of the 
reference values. The instrument was calibrated with the manufac-
turer’s recommendations. According to the TB-BMD criterion and 
the s-BMD criterion, patients were divided into 2 subgroups (s-BMD 
and TB-BMD) with parallel analyses used: normal — “within the 
(BMD), which is associated with a 7-fold increased 
risk of spontaneous fractures [3]. Decreased BMD has 
been reported in 85% of adult women with AN [4]. Its 
aetiology is multifactorial, and the mechanisms remain 
unclear. Inflammation is supposed to be one of the 
factors contributing to decreased BMD [5, 6]. The lat-
est data suggest that inflammation plays a critical role 
in bone remodelling and in the pathogenesis of post-
menopausal osteoporosis [5]. It is now well established 
that the bones and the immune system are functionally 
connected [7, 8]. According to some authors, proinflam-
matory cytokines may play a role in the mechanism 
that causes either a decrease or a complete lack of the 
expected increase in BMD [6, 9]. These cytokines (e.g. 
IL-1, IL-6, TNF-a, IL-11, IL-15) directly and indirectly 
play a modulating role in bone remodelling. They do it 
via the receptor activator of nuclear factor-κB ligand/re-
ceptor activator of nuclear factor-κB/osteoprotegerin 
(RANKL/RANK/OPG) pathway. The RANKL-mediated 
signalling system plays here an essential role in the 
regulation and activation of osteoclastogenesis and os-
teoclastic bone resorption [7–10]. In addition, different 
immune cells such as macrophages, monocytes, B and 
T lymphocytes, mast cells, natural killer cells, etc. have 
been shown to influence skeletal status. These cells can 
enhance osteoclastogenesis in 2 ways [7]: 1) by increas-
ing the production of bone-resorbing cytokines and 2) 
by increasing the numbers of precursors of osteoclasts.
According to the reported inflammatory background 
of postmenopausal osteoporosis in women, there is a re-
lationship between the neutrophil-lymphocyte ratio 
(NLR), the platelet-lymphocyte ratio (PLR), and low 
BMD [5, 6, 11, 12]. 
It has been also suggested that NLR and PLR could 
be novel and independent osteopaenic markers in 
postmenopausal women [5, 10, 11]. These simple and 
cost-effective markers are well documented indicators 
of inflammation in various malignancies and inflamma-
tory diseases [5, 6, 10]. Inflammatory cytokines, white 
blood cells, and platelets interact with each other and 
intensify the inflammatory response [13]. 
To the best of our knowledge, there are no studies 
that have established NLR and PLR norms for chil-
dren. According to a study based on an adult healthy 
population aged 35–70 years (Tabari cohort, 10,255 
participants), the normal values of the NLR and PLR 
are 1.70 ± 0.70 and 117.05 ± 47.73 [14]. However, these 
norms should not be considered as ranges of NLR and 
PLR in the paediatric population. Using adult NLR and 
PLR values in children is limited by age-related changes 
in the immune system. The qualitative and quantitative 
level of immune response changes according to age, 
especially in the group of adolescences. This point was 
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expected range for age” (Z-score > –2.0, n = 63) and low — “below 
the expected for age” s-BMD subgroups (Z-score ≤ –2.0, n = 10), 
and normal (Z-score > –2.0, n = 45) and low TB-BMD subgroups 
(Z-score ≤ –2.0, n = 28), respectively.
Biochemical analysis
All blood samples were collected after a 12-h overnight fast between 
8.00 and 9.00 a.m. on the first day of hospital stay. On the day of 
examination none of the girls presented symptoms of an acute 
infection. Complete blood count was performed at the hospital 
laboratory using Sysmex XN 1000 and Sysmex XN 350 analysers. 
NLR and PLR were calculated using the following formulas: neu-
trophil count/lymphocyte count and platelet count/lymphocyte 
count, respectively.
Statistical analysis
The database was prepared using Excel 2016 (Microsoft corpora-
tion). Statistical analysis was carried out with Statistica 13.3 for 
Windows (StatSoft Inc., USA). The normality of the distribution 
of the study sample was assessed using the Shapiro-Wilk test; 
homogeneity of variance was calculated using Leven’s test. Data 
were expressed as mean ± SD for normally distributed variables 
(clinical, anthropometric, and densitometric), and as medians and 
quartiles for non-normally distributed ones (WBC, PLT, NEUT, 
LYMPH, MPV, NLR, PLR). In the case of normal distribution of 
variables, the significance between examined subgroups of patients 
with normal and low s-BMD and TB-BMD were performed by 
Student’s t-test. In the case of non-normal distribution of variables, 
the significance was tested using the Mann-Whitney U-test. The 
distribution of blood count parameters was not normal and the 
number of participants (especially in s-BMD subgroup with Z-
score ≤ –2.0) was low, so Spearman’s nonparametric correlation 
test was used to summarize the relationships between WBC, PLT, 
NEUT, LYMPH, MPV, NLR, PLR, and clinical, anthropometric, and 
densitometric measurements. The multivariate stepwise regression 
was used to determine the independent factors influencing BMD 
at various skeletal regions in the examined subgroups of girls with 
AN. Values for blood count parameters were linearized by logarith-
mic transformation when necessary. This analysis was performed 
in each subgroup of patients separately. The level of statistical 
significance was set at a ≤ 0.05. When more than 2 variables were 
analysed, Holma-Benferroni correction was evaluated.
Results
Baseline characteristics and complete blood count 
parameters in girls with AN are presented in Table 1. 
Baseline characteristics and complete blood count pa-
rameters in subgroups of patients according to the DXA 
result are shown in Table 2.
In low s- and TB-BMD subgroups the mean BMI 
SDS was significantly lower than in subgroups with 
Table 1. Clinical characteristics of girls with ano rexia nervosa (AN) 
Variables
AN (n = 73)
Mean ± SD Range of values
Age [year] 15.14 ± 1.34 12.56–17.67
Body mass [kg] 39.17 ± 6.07 24.70–52.00
Body mass SDS –2.52 ± 1.09 –0.5–(–5.68)
Body mass loss [kg] 14.52 ± 9.01 2.00–58.00
Rate of body mass loss [kg/months] 1.08 ± 0.83 0.75–1.50
BMI [kg/m2] 14.80 ± 1.74 9.77–18.27
BMI SDS –2.95 ± 0.98 –5.09–(–1.04)








Normal range 4–10.5 [103/µL]
Medians and quartiles Range of values
5.10 (4.20–6.10) 2.46–9.92
PLT [103/µL]
Normal range 150–450 [103/µL] 222.00 (187.0–259.0) 37.00–361.00
NEUT [103/µL]
Normal range 1.6–6 [103/µL] 2.42 (1.65–3.24) 0.66–6.95
LYMPH [103/µL]
Normal range 1.3–3.3 [103/µL] 1.85 (1.85–2.69) 1.09–3.49
MPV [fL] 
Normal range 6–9.5 [Fl] 8.90 (8.20–9.50) 6.90–12.20
NLR 1.10 (0.79–1.49) 0.40–4.48
PLR 102.50 (81.75–124.77) 14.45–244.62
Data expressed as mean ± SD for normally distributed variables and as medians and quartiles for non-normally distributed variables; SD — standard deviation;  
SDS — standard deviation score; BMI — body mass index; WBC — white blood cells; PLT — platelets; NEUT — neutrophils; LYMPH — lymphocytes; MPV — mean 
platelet volume; NLR — neutrophil-lymphocyte ratio; PLR — platelet-lymphocyte ratio
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normal s-BMD, and the mean duration of the disease 
was significantly longer in the low compared to the 
normal s-BMD subgroup. Moreover, in the low s-BMD 
subgroup, a tendency towards an increase in mean 
NLR, PLR, and WBC values was observed. 
Table 3 shows correlation between values of blood 
count parameters and clinical and selected anthropo-
metric parameters in subgroups of patients, according 
to the DXA result. There are given relationships only 
between these parameters, which correlated signifi-
cantly in at least one subgroup of patients with AN. 
In the normal TB-BMD subgroup, PLR correlated sig-
nificantly and positively with amenorrhoea (R = 0.466, 
p = 0.001). In the low TB-BMD subgroup, NLR and PLR 
correlated significantly and negatively with the rate of 
body mass loss (R = –0.552, p = 0.006 and R = –0.562, 
p = 0.002, respectively) and the duration of the disease 
(R = –0.523, p = 0.006 and R = –0.573, p = 0.001, respec-
tively). In the case of remaining blood count values and 
clinical and anthropometric parameters, there was also 
a tendency towards an increase of R values in selected 
parameters. Detailed information is given in Table 3.
Tables 4 and 5 show correlations between respective 
s- and TB-BMD Z-score values and examined blood 
Table 2. Clinical characteristics in subgroups of girls with anorexia nervosa and normal (Z-score > –2.0) and low (Z-score 
≤ –2.0) bone mineral density of lumbar spine (s-BMD) and bone mineral density of total body (TB-BMD)
Variables
s-BMD  













Age [year] 15.12 ± 1.32 15.30 ± 1.49 0.695 15.16 ± 1.34 15.05 ± 1.36 0.740
Body mass [kg] 39.92 ± 5.64 34.42 ± 6.81 0.007* 39.90 ± 5.52 37.81 ± 6.74 0.157
Body mass SDS –2.38 ± 1.00 –3.40 ± 0.90 0.002* –2.35 ± 1.00 –2.72 ± 1.03 0.153
Body mass loss [kg] 9.67 ± 6.59 15.31 ± 9.15 0.020^ 10.96 ± 5.51 16.47 ± 10.00 0.003*
Rate of body mass loss 
[kg/months] 0.79 ± 0.70 0.70 ± 0.57 0.701 0.93 ± 0.71 1.01 ± 0.70 0.748
BMI [kg/m2] 14.99 ± 1.60 13.62 ± 2.20 0.020^ 14.89 ± 1.54 14.62 ± 2.03 0.638
BMI SDS –2.81 ± 0.92 –3.68 ± 1.06 0.008* –2.80 ± 0.95 –3.55 ± 1.04 0.003*




7.38 ± 6.14 11.29 ± 8.08 0.078 7.69 ± 6.12 8.00 ± 7.06 0.843
WBC [103/µL]











































































Data expressed as mean ± SD for normally distributed variables and as medians and quartiles for not normally distributed variables. Z-score — the number of SD from 
age-matched subjects; SD — standard deviation; BMI — body mass index; SDS — standard deviation score; WBC — white blood cells; PLT — platelets;  
NEUT — neutrophils; LYMPH — lymphocytes; MPV — mean platelet volume; NLR — neutrophil-lymphocyte ratio; PLR — platelet-lymphocyte ratio;  
*Differences reach the a level of significance (< 0.05) adjusted by the Holma-Bonferroni correction; ^Differences do not reach the a level of significance (< 0.05) 
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Table 3. Correlation between values of white blood cells (WBC), platelets (PLT), neutrophils (NEUT), lymphocytes (LYMPH), 
mean platelet volume (MPV), neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR), and clinical and selected 
anthropometric parameters in subgroups of girls with AN and normal (Z-score > –2.0) and low (Z-score ≤ –2.0) bone mineral 
density of lumbar spine (s-BMD) and bone mineral density of total body (TB-BMD)
Variables
s-BMD  
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Z-score — the number of SD from age-matched subjects; SD — standard deviation; SDS — standard deviation score; *Correlation reach the a level of significance 
(< 0.05) adjusted by the Holma-Bonferroni correction; ^Correlation do not reach the a level of significance (< 0.05) adjusted by the Holma-Bonferroni correction
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count parameters in the whole group of girls with AN 
and in subgroups divided according to the DXA result. 
In the whole group of girls suffering from AN only a ten-
dency towards negative correlation between s-BMD 
Z-score and PLR was observed (R = –0.236, p = 0.044). 
The correlation did not reach the a level of significance 
adjusted by the Holma-Bonferroni correction. In the 
normal s-BMD subgroup no correlation was observed 
between > –2.0 s-BMD Z-score values and examined 
blood count parameters (p > 0.050). In the low s-BMD 
subgroup a significant and negative correlation was 
observed only between ≤ –2.0 s-BMD Z-score values 
and PLR (R = –0.892, p < 0.001) (Tab. 4). 
In the whole group of patients with AN only 
a tendency towards a negative correlation between 
TB-BMD Z-score values and NLR and PLR was ob-
served (R = –0.239, p = 0.042; R = –0.231, p = 0.049, 
respectively). Correlation do not reach the a level of 
significance adjusted by the Holma-Bonferroni cor-
rection. In the normal TB-BMD subgroup a significant 
and negative correlation was observed between > –2.0 
TB-BMD Z-score values and NLR (R = –0.685, p < 0.001) 
and PLR (R = –0.451, p = 0.002). In the low TB-BMD 
subgroup no significant correlation was observed be-
tween ≤ –2.0 TB-BMD Z-score values and examined 
blood count parameters (p > 0.050) (Tab. 5).
Using a stepwise regression analysis, we examined 
how much of the variance in BMD at various skeletal 
regions could be explained by selected blood count 
parameters in girls with AN as a whole and in sub-
Table 4. Correlation between respective values of bone mineral density of lumbar spine (s-BMD) expressed as Z-score with 
white blood cells (WBC), platelets (PLT), neutrophils (NEUT), lymphocytes (LYMPH), mean platelet volume (MPV), neutrophil-
lymphocyte ratio (NLR), and platelet-lymphocyte ratio (PLR) in the group of girls with anorexia nervosa (AN) as a whole and 
in subgroups of patients with normal Z-score (> –2.0) and low Z-score (≤ –2.0) (s-BMD)
Variables




Z-score > –2.0 n = 63
s-BMD  
Z-score ≤ –2.0 n = 10


















































Z-score — the number of SD from age-matched subjects; R — Spearman’s correlation coefficient; *Correlation reached the a level of significance (< 0.05) adjusted by 
the Holma-Bonferroni correction; ^Correlation do not reach the a level of significance (< 0.05) adjusted by the Holma-Bonferroni correction
Table 5. Correlation between values of bone mineral density of total body (TB-BMD) expressed as Z-score with white blood 
cells (WBC), platelets (PLT), neutrophils (NEUT), lymphocytes (LYMPH), mean platelet volume (MPV), neutrophil-lymphocyte 
ratio (NLR), and platelet-lymphocyte ratio (PLR) in the group of girls with anorexia nervosa (AN) and subgroups of patients 
with normal (Z-score > –2.0) and low (Z-score ≤ –2.0) TB-BMD 
Variables




Z-score > –2.0 n = 45
TB-BMD  
Z-score ≤ –2.0 n = 28


















































*Correlation reach the a level of significance (< 0.05) adjusted by the Holma-Bonferroni correction; ^Correlation did not reach the a level of significance (< 0.05) 











NLR, PLR and BMD in girls with AN Małgorzata Morawiecka-Pietrzak et al.
to be a significant independent predictor (R = –0.881, 
p < 0.001) in the model with ≤ –2.0 s-BMD Z-score as 
a dependent variable. PLR contributed to 77.62% of 
low s-BMD variability (Multiple R2 = 0.776, p < 0.001) 
(Tab. 6).
In the whole group of patients with AN, NLR and 
PLR were entered into the model with TB-BMD as 
a dependent variable, but only NLR was shown to 
be a significant independent predictor (R = –0.324, 
p = 0.030) in this model. NLR contributed to 10.50% 
of TB-BMD variability. In normal TB-BMD subgroup 
MPV, NLR and PLR values were significant and inde-
pendent predictors (R = 0.339, p = 0.005; R = –0.450, 
p = 0.001; R = –0.352, p = 0.004, respectively) in the 
model with > –2.0 TB-BMD Z-score as a dependent 
variable. Taken together, MPV, NLR, and PLR values 
contributed to 44.36% of normal TB-BMD Z-score vari-
groups of patients, according to the DXA result. The 
covariates entered into the models were MPV, NLR, 
and/or PLR. Other blood count parameters (WBC, PLT, 
NEUT, LYMPH) were not introduced into the model 
due to collinearity. 
Tables 6 and 7 show the values of standardized 
regression R coefficients, which allows a comparison 
of relative contributions of incorporating independent 
variable into stepwise regression models of respective 
s- and TB-BMD Z-scores as dependent variables. 
In the whole group of girls with AN only PLR was 
entered into the model with s-BMD as a dependent vari-
able, but PLR is not a significant independent predictor 
of s-BMD (p > 0.05). In the normal s-BMD subgroup 
none of the independent variables was entered into 
the model with > –2.0 s-BMD Z-score as a dependent 
variable. In the low s-BMD subgroup PLR was shown 
Table 6. Stepwise regression modelling for predictors of changes in bone mineral density of lumbar spine (s-BMD) expressed 
as Z-score in girls with anorexia nervosa (AN) as a whole and subgroups of patients with normal (Z-score > –2.0) and low 
(Z-score ≤ –2.0) s-BMD 
Independent 
variables
Girls with AN (whole group)
Subgroups of girls with AN
Normal Low
s-BMD Z-score 
as a dependent variable
s-BMD Z-score > –2.0 
as a dependent variable
s-BMD Z-score > –2.0 
as a dependent variable
R R2i p R R2i p R R2i p
MPV [fL] – – – – – – – – –
NLR – – – – – – – – –
PLR –0.201 0.040 0.088 – – – –0.881 77.62 < 0.001
Multiple R = 0.201 
R2 = 0.040 (4.04%)
p = 0.088
Multiple R = 0.0
Multiple R = 0.881  
Multiple R2 = 0.776 (77.62%) 
p < 0.001
Z-score; the number of the SD from age-matched subjects; PLR — platelet-lymphocyte ratio; NLR — neutrophil-lymphocyte ratio; MPV mean platelet volume;  
R — Spearman’s correlation coefficients; R2 — multiple determination coefficient; R2i — individual determination coefficient
Table 7. Stepwise regression modelling for predictors of changes in bone mineral density of total body (TB-BMD) expressed 
as Z-score in girls with anorexia nervosa (AN) as a whole and in subgroups of patients with normal (Z-score > –2.0) and low 
(Z-score ≤ –2.0) TB-BMD
Independent 
variables
Girls with AN (whole group)
Subgroups of girls with AN
Normal Low 
TB-BMD Z-score 
as a dependent variable
TB-BMD Z-score > –2.0 
as a dependent variable
TB-BMD Z-score ≤ –2.0 
as a dependent variable
R R2i % p R R2i % p R R2i % p
MPV [fL] – – – 0.339 11.79 0.005 – – –
NLR –0.324 10.50 0.030 –0.450 20.25 0.001 – – –
PLR –0.159 2.53 0.277 –0.352 12.39 0.004 – – –
Multiple R = 0.361 
Multiple R2 = 0.130 (13.03%)
p = 0.062
Multiple R = 0.666 
Multiple R2 = 0.444 (44.36%) 
p<0.001
Multiple R = 0.0
Z-score; the number of the SD from age-matched subjects; PLR — platelet-lymphocyte ratio; NLR — neutrophil-lymphocyte ratio; MPV mean platelet volume;  
R — Spearman’s correlation coefficients; R2 — multiple determination coefficient; R2i — individual determination coefficient 
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ability (multiple R2 = 0.444, p < 0.001). MPV contrib-
uted to 11.79%, NLR contributed to 20.25%, while PLR 
contributed to 12.39% of normal TB-BMD variability. In 
the low TB-BMD subgroup none of the independent 
variables was entered into the model of ≤ –2.0 TB-BMD 
Z-score as a dependent variable.
The presented correlation and regression analysis 
data indicate that comparative correlation and regres-
sion analysis with the division of the whole study group 
into subgroups with normal and low BMD results are 
more detailed and accurate, and also more interesting 
from the clinical point of view than the analysis of the 
entire study group.
Discussion
The most relevant findings of this study include associa-
tions of NLR and PLR with BMD Z-scores. These con-
nections seem to be dependent on the examined skeletal 
area, because the PLR was shown to be a significant and 
independent predictor of s-BMD and TB-BMD, and 
the NLR was a significant and independent predictor 
of TB-BMD. 
The adolescent years are a critical period for bone 
mineral accrual to achieve an optimal peak bone mass 
(PBM), which is an important determinant of fracture 
risk in adult life. It is estimated that more than 90% 
of PBM is achieved by the end of the second decade 
[22]. Any skeletal deterioration that occurs during this 
period may affect bone health later in adult life. The 
adolescent years are also the time when the onset of AN 
occurs. One of the consequences of AN is a decrease 
in BMD, or lack of an adequate bone mass accrual [22]. 
Rapid bone loss, which occurs within 6 months of dis-
ease onset and persists despite weight recovery, is well 
documented in adult women with AN. The prognosis 
is worse when disease begins during puberty [3, 22–24]. 
The aetiology of low BMD in AN is multifactorial and 
includes hypogonadism, undernutrition, low levels of 
IGF-1, hypercortisolaemia, excessive exercise, and re-
sistance to growth hormone [22]. However, taking into 
account the relationship between immunity and bone, 
it seems that an inflammatory background could be 
an important factor leading to a BMD decrease in girls 
suffering from AN. Evidence suggests that inflamma-
tion plays a critical role in bone metabolism and in the 
pathogenesis of osteoporosis. The inflammatory back-
ground of postmenopausal osteoporosis is well known. 
It was reported that C-reactive protein – a sensitive sys-
temic inflammatory marker — is positively correlated 
with bone loss in healthy pre- and postmenopausal 
women [25]. Moreover, osteoporosis is more common in 
conditions with chronic inflammation such as rheuma-
toid arthritis (RA) and systemic lupus erythematosus, 
haematological diseases, inflammatory bowel disease, 
chronic obstructive pulmonary disease, etc. [10]. Ad-
ditionally, hypoestrogenism leads to up-regulation of 
pro-inflammatory cytokines, which contribute to the 
activation of osteoclasts [10]. Elevated levels of inflam-
matory cytokines that have been linked with lower 
BMD in postmenopausal women were also reported 
[25]. The mechanisms by which chronic inflammatory 
factors modulate bone resorption are known [26, 27]: 
1 — pro-inflammatory cytokines have a final common 
mediator of osteoclast function: RANK and RANKL, and 
indirectly act on mesenchymal stem cells and osteoclast 
precursors to increase osteoclast-mediated bone resorp-
tion; 2 — osteoclastogenesis can be modified through 
the modulation of macrophage colony stimulating factor. 
In adolescent girls with AN the alterations of the 
immune system and elevated levels of selected pro-in-
flammatory cytokines are well documented. Misra et 
al. showed that levels of the high-sensitivity C-reactive 
protein were decreased, while levels of IL-6 increased 
in these patients [28]. Other investigators found also 
elevated concentrations of TNF-a [29]. In the study 
of Dalton et al. a range of inflammatory markers in 
patients with AN was measured. They found that IL-6, 
IL-15, and vascular cell adhesion molecule (VCAM-1) 
were significantly elevated, compared with health 
controls. Two meta-analyses of cytokines in AN showed 
significantly higher concentrations of IL-6, IL1-R, and 
TNF-a, and decreased C-reactive protein level [30, 31]. 
Correlations between pro-inflammatory cytokines, 
bone metabolism markers, and RANKL/RANK/OPG 
signalling system cytokines indicate that pro-inflam-
matory cytokines may be involved in the bone loss 
mechanisms. This is most likely due to the impact on 
the RANKL/RANK/OPG pathway [9], where RANKL is 
considered to be the key osteoclastogenic cytokine [27]. 
In the course of rheumatoid arthritis, it was observed 
that several pro-inflammatory cytokines upregulated 
RANKL on synovial fibroblasts. The elevated expression 
of RANKL activated osteoclastogenesis and resulted in 
severe bone destruction [32]. Moreover, T lymphocytes 
were proven to express RANKL and promote bone loss 
in inflammatory arthritis [33].
NLR and PLR were reported to be closely related 
to systemic inflammation and immune response status 
[34]. Recent data showed that raised NLR and/or PLR 
were associated with i.a. mortality in acute pulmonary 
embolism [35], severity of coronary heart disease, 
short-term and long-term mortalities in patients pre-
senting with non-ST elevation myocardial infarction 
[36], critical limb ischaemia in peripheral arterial oc-
clusive disease [37], or mortality in patients with acute 
coronary syndrome [38]. Fisher et al. found that NLR 
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of poorer postoperative outcomes such as myocar-
dial injury, high inflammatory response/infection, and 
in-hospital death [39]. Due to the fact that osteoporosis 
can be induced and maintained by chronic inflamma-
tion, as well as the fact that NLR and PLR have been 
known as new markers of the systemic inflammatory 
activation, it seems that these ratios should be useful 
as markers of osteoporosis. 
The results of our study showed a tendency towards 
increased mean NLR values in low s-BMD adolescent 
females with AN, and NLR turned out to be an inde-
pendent predictor of TB-BMD in the > –2.0 Z-score 
subgroup. These results are consistent with reports con-
cerning postmenopausal women; however, there are 
no studies concerning NLR in osteoporotic adolescent 
girls. Huang [5], Yu [40], and Yilmaz [10] observed that 
the NLR ratio was higher in postmenopausal women 
with osteoporosis. In a study concerning elderly men 
and women, Öztürk observed that the NLR ratio was 
significantly higher in people with osteoporosis [12]. 
All of these authors found that the NLR ratio could be 
a significant risk factor for postmenopausal osteopo-
rosis. In a study of postmenopausal Korean women, it 
was shown that NLR was negatively associated with 
the mean lumbar BMD [26]. In a report of a large group 
of postmenopausal women, Fang et al. observed that 
NLR was an independent risk factor for postmeno-
pausal osteoporosis [34]. Moreover, several studies have 
shown that an elevated NLR was associated with poor 
prognosis in osteoporotic individuals [5, 27]. It was also 
proven that an elevated NLR was an independent indi-
cator of fracture in orthogeriatric patients [39] and that 
it increased the risk of fracture [34]. In turn, the studies 
of Eroglu and Koseoglu [6, 11] showed no significant 
correlation between NLR and BMD. 
The study of Poubelle et al. [33] explains the role 
of neutrophils and lymphocytes in local bone remod-
elling. The authors observed the expression of the 
membrane-associated form of RANKL in healthy blood 
neutrophils and the expression of the membrane-asso-
ciated form of RANKL, RANK, and secretion of OPG 
in inflammatory neutrophils from patients with RA. 
In the context of RANKL/RANK interactions between 
cells, including osteoclasts, these findings suggest that 
neutrophils could play a dual role as immune and 
bone-like cells during the inflammatory process [33]. 
Moreover, Chakravarti et al. observed that lipopoly-
saccharide up-regulates the expression of membrane 
RANKL in human blood neutrophils, and through 
RANKL neutrophils it activates osteoclasts, resulting in 
bone loss [41]. In another study Riegel et al. [42] stated 
that polymorphonuclear neutrophils upon stimulation 
express RANK in vivo and in vitro and migrate toward 
RANKL. In light of these reports, it is possible that 
neutrophils contribute to the pathogenesis of osteopo-
rosis. This may be due to the enhanced expression of 
RANKL and osteoclasts activation. Neutrophils could 
also act directly through RANK. 
In addition, our study showed a tendency towards 
an increase in mean PLR, NLR, and WBC values in the 
low s-BMD subgroup. Moreover, respective s-BMD Z-
score values correlated significantly and negatively with 
PLR in the low s-BMD and normal TB-BMD subgroups, 
while with NLR this was seen in the normal TB-BMD 
subgroup. PLR also transpired to be a significant and 
independent predictor of low s-BMD and normal 
TB-BMD, while NLR and MPV proved to be significant 
and independent predictors of normal TB-BMD. These 
results indicate that the sensitivity of different examined 
skeletal areas to the effects of the studied blood count 
parameters may be different in patients with AN. That 
could be related to age, degree of malnutrition, dura-
tion of the disease, or amenorrhoea (17,43,44). This is 
indicated not only by the obtained results of the regres-
sion analysis, but also by the results of the correlation 
analysis. In the normal s-BMD subgroup of AN patients 
the lymphocyte count correlated significantly and 
negatively with age and amenorrhoea. In the normal 
TB-BMD subgroup MPV correlated significantly and 
positively with body mass and BMI, while PLR cor-
related significantly and positively with amenorrhoea. 
However, in the low TB-BMD subgroup the lymphocyte 
count correlated significantly and negatively with age 
and the duration of the disease, while NLR and PLR 
correlated significantly and negatively with the rate of 
body mass loss and the duration of the disease.
Consistent with our report, in a study of postmeno-
pausal women, Eroglu and Koseoglu observed signifi-
cantly higher PLR values in the low BMD patients [6, 
11]. Additionally, Koseoglu found PLR to be a discrimi-
native factor for low BMD [6]. In turn, in the study of 
San-Hui et al. [26] there was no significant relationship 
between PLR and BMD. It is thought that platelets 
contribute to postmenopausal osteoporosis because the 
interaction of some factors in platelets with vitamin D 
receptors is important for bone turnover [11]. Another 
conception is that PLT can contribute to inflammation 
by releasing thromboxane [11].
Interesting results were reported by Eroglu et al. [45] 
— in a study of women with postpartum osteoporosis 
they found that NLR and PLR were lower in the low 
BMD group, but the differences were not significant. 
These results suggest that inflammation is not a key 
factor in every case of osteoporosis.
Our research shows different DXA results, accord-
ing to the different examined skeletal areas. When 
discussing the results, it should be considered whether 
the relationships found for s- and TB-BMD are equally 
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important from the clinical point of view. It seems that 
the connections regarding s-BMD could be more impor-
tant: the difference between the groups with normal 
and low BMD and statistically significant dependencies 
within the subgroup with low s-BMD. For TB-BMD, no 
differences were found between subjects with normal 
and low BMD, and the correlation and regression 
analyses revealed significant relationships only in the 
subgroup with normal DXA results. It was found that 
the uneven impact on BMD disorders is related to the 
age of AN onset. An onset of AN at a younger age mostly 
affects the development or maintenance of cortical bone 
[43]. This observation is based on the fact that before 
puberty appendicular growth is more rapid than axial, 
whereas during puberty appendicular growth slows 
and axial growth accelerates [43]. Therefore, the differ-
ences in the DXA results can be caused by the fact that 
the posteroanterior lumbar spine and the total body 
less head sites reflect the trabecular and cortical bone, 
respectively [17, 44].
It is possible that the observed differences are due 
to the stronger impact of inflammation on trabecular 
bone. This thesis seems to be confirmed by studies 
conducted among patients suffering from chronic 
joint inflammatory diseases. In patients with RA 
a global decrease of BMD was seen in more than 50% 
of cases. The decrease in BMD occurs most often in the 
forearm. However, these results do not correlate with 
the femoral neck- and s-BMD. This may be due to the 
fact that the severity of the inflammation is greatest 
in the wrist. The next location where bone loss occurs 
most often is the femoral neck. A BMD decrease is ob-
served there six times more often than in the control 
group. However, there was no difference in s-BMD in 
patients with RA and in the control group [46]. In the 
study comparing patients with rheumatoid arthritis 
and psoriatic arthritis (PsA), lumbar spine-BMD was 
higher in PsA patients. However, there were no differ-
ences in femoral neck BMD. A significant correlation 
between the duration of the disease and femoral neck 
BMD in both groups was also observed. Relationship 
between disease duration and s-BMD was noted only 
in RA patients [47].
A limitation of this study is lack of a control group, 
but parents of healthy girls did not agree for a DXA 
examination because of radiation.
In conclusion, our study indicates that there might 
be a relationship between low bone mineral density in 
adolescent girls suffering from AN and inflammation 
expressed as NLR and PLR. It seems that these connec-
tions may be dependent on the examined skeletal area. 
However, to develop a full picture of the impact of in-
flammatory on bone health in adolescent girls with AN, 
there is a need for further investigations in this field.
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